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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. Four aspects are considered in this agenda item – HD-FDD operation, reduced number of Rx branches, minimum number of DL MIMO layers, and relaxed maximum modulation order.
In RAN1#106bis-e, the following agreements were made –
Agreement
For Case 1, the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD

Agreement
· For HD-FDD switching time, reuse existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3.
Note: With this agreement, no need to confirm below Working Assumption(From RAN1#104e)
Working Assumption (FromRAN1#104e )
· For HD-FDD switching time, reuse existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3.
· FFS: whether to define the guard times in symbol units
· FFS: the switching positions

Conclusion:
· No consensus on defining a guard time in symbol units for HD-FDD Type A operation in Rel-17
 
Agreement
Revise the RAN1#104bis-e agreement for Case 3 as the following
· For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot
· Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set
· A HD-FDD UE does not expect to receive both cell specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot
· FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· FFS: whether or not there are conditions that need to be considered


 
Agreement
· For Type-A HD-FDD, no additional UE behaviour for UL/DL collision handling based on a priority indicator is specified as compared to the existing specification

Agreement
· Whether or not to account for the Tx/Rx switching time before and after the set of SSB symbols can be further discussed under Case 9

Agreement
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, leave it to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH

Agreement
· The same validation rules of MsgA PUSCH occasions and RO/Preamble-to-PRU mapping rules for FDD can be reused for HD-FD

Agreement 
· [bookmark: _Hlk86406394]For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· A HD-FDD UE is not expected to transmit in the uplink earlier than NRX-TX Tc after the end of the last received downlink symbol in the same cell
· A HD-FDD UE is not expected to receive in the downlink earlier than NTX-RX Tc after the end of the last transmitted uplink symbol in the same cell
· NRX-TX Tc and NTX-RX Tc are the same as the transition time for FR1 in Table 4.3.2-3, TS 38.211 for a UE not capable of full-duplex communication
· FFS: how it jointly works with the agreement for other collision cases
· (Working Assumption) The “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
· RRC configured DL/UL includes at least cell specific higher layer parameters configured DL/UL
· Discuss further whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied
· Note: This does not mean a HD-FDD UE is required to support the back-to-back UL/DL switching without sufficient gap
In this contribution, we address remaining issues related to complexity reduction.
HD-FDD
The remaining issues for HD-FDD are discussed below –
Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission, e.g., PUSCH, PUCCH, PRACH, SRS.
For Case 5, it has been agreed to re-use the existing collision handling principles (i.e. SSB is prioritized over configured UL transmission) for configured UL transmission which includes CG-PUSCH, SRS, and PUCCH. 
For dynamically scheduled uplink transmission, two options remain for down-selection –
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission

For this case, our preference is to handle this in the same manner as Case 2 and prioritize dynamically scheduled uplink transmission over SSB. The main motivation is that, first, for configured UL transmission, the SSB is prioritized. Thus, if SSB is also prioritized for dynamically scheduled uplink transmission, the gNB will not be able to schedule HD-FDD UE in any UL slot overlapping with the SSB. This severely impacts the performance of the system and places considerable constraints on the scheduler, especially if there is no FD-FDD UE to be scheduled in the slot. Secondly, unlike the case for configured UL transmission, dynamically scheduled transmission only impact 1-2 UE at a time so therefore the impact to SSB measurements are limited. Therefore, it is reasonable to prioritize dynamically scheduled uplink transmission over SSB. Note that the gNB can still of course avoid scheduling UL transmission during SSB if it is not necessary to do so.
Proposal 1: (Case 5) In case dynamically scheduled UL transmission overlaps with an SSB, dynamically scheduled UL transmission is prioritized over SSB.
Case 8: Dynamic or semi-static DL vs. valid RO.
For this case, first it has been agreed that all ROs applicable to RedCap UEs are valid (i.e. same definition of valid RO as FD-FDD UEs). In addition, it is noted that the gNB can still receive random access on the uplink and transmit on the downlink at the same time. Therefore, there is no issue from the gNB perspective. For the UE perspective, UE in connected mode in general will typically not need to transmit anything on the PRACH unless instructed to do so by the gNB. Second, it has been agreed to leave it to UE implementation whether to receive DL or transmit PRACH for all the collision cases under this scenario.
Some additional issues remain FFS for Case 8 and our preferences are provided below –
In TDD, the collision also includes Ngap symbols before the valid RO. That is, for a set of symbols of a slot corresponding to a valid PRACH occasion and Ngap symbols before the valid PRACH occasion, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. Although it’s not clear why Ngap should apply in the case for FDD, in RAN1#106bis-e discussion the majority of companies prefer to keep the TDD principle. Therefore, we are fine also to agree based on majority view.
Proposal 2: The set of symbols overlapping with DL reception can include the Ngap symbols before the valid RO.
For 2-step RACH, it remains FFS whether the same principle would also apply to the PUSCH in this case. In 2-step RACH, the PUSCH follows the PRACH transmission and therefore the PUSCH handling principle is also needed. Since PUSCH transmission is coupled to PRACH transmission and the resources are associated, it makes sense to follow the same collision handling principle for PUSCH occasion of MsgA in 2-step RACH. 
Proposal 3: For PUSCH occasion of MsgA in 2-step RACH, reuse the same handling principle and leave to UE implementation whether to receive the DL or transmit MsgA.
Case 9: Collision due to direction switching.
For Case 9, an agreement was made in RAN1#106bis-e with one working assumption –
· For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· A HD-FDD UE is not expected to transmit in the uplink earlier than NRX-TX Tc after the end of the last received downlink symbol in the same cell
· A HD-FDD UE is not expected to receive in the downlink earlier than NTX-RX Tc after the end of the last transmitted uplink symbol in the same cell
· NRX-TX Tc and NTX-RX Tc are the same as the transition time for FR1 in Table 4.3.2-3, TS 38.211 for a UE not capable of full-duplex communication
· (Working Assumption) The “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
· RRC configured DL/UL includes at least cell specific higher layer parameters configured DL/UL
· Discuss further whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied
· Note: This does not mean a HD-FDD UE is required to support the back-to-back UL/DL switching without sufficient gap
The ability to configure back-to-back non-overlapping UL/DL without sufficient gap between RRC configured UL and DL is beneficial and should be allowed. Therefore, it is proposed to confirm the working assumption.
[bookmark: _Hlk86687284][bookmark: _Hlk86657349]Proposal 4: (Case 9) Confirm the working assumption that back-to-back non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
Furthermore, in case there is no sufficient switching time, it has been left for further discussion whether to specify a clear UE behavior or leave it to UE implementation. Note that, in case of direct collision between UL and DL, several behaviors have already been defined –
· Case 3 - semi-statically configured DL vs. semi-statically configured UL: error case (not expected by the UE)
· Case 5 - configured SSB vs. configured UL transmission: SSB is prioritized
· Case 8 - semi-static DL vs valid RO: Up to UE implementation
As seen from the above, the behavior in case of direct collision depends on the collision case. In general, it is expected that the network would configure back-to-back non-overlapping UL/DL with sufficient gap. In case this is not possible, our preference is to leave the switching time handling to UE implementation. This is because switching may not be needed in all cases and some cases can already be resolved via UE implementation (e.g. case 8 where it’s expected that UE will prioritize PRACH transmission when it needs to transmit the PRACH). Furthermore, some UEs may have the capability to switch faster than the required time and therefore avoid collision. This provides the most flexibility and avoid having to define specific rules for the different cases.
Proposal 5: (Case 9) In case of non-overlapping UL/DL without sufficient gap, leave the switching time handling to UE implementation.
Reduced minimum number of Rx branches
Two open issues with respect to reduced number of Rx branches as discussed in RAN1#105-e [3] are PDCCH blocking and DCI optimization. Key points include (1) whether new solutions are required to address potential PDCCH blocking and (2) whether the DCI can be optimized (due to reduced capability and also to address potential PDCCH blocking).
PDCCH Blocking
A key reason cited for increased PDCCH blocking is due to the need to use higher aggregation level for RedCap PDCCH. The extent of this increase, however, depends on cell deployment scneario and the underlying link budget. If, for example, the cell is deployed such that the PDCCH performance is significantly better than the bottleneck channel, then most RedCap UEs will still use AL of 1 or 2 and the PDCCH blocking is not expected to increase significantly beyond the natural increase due to having to support more UEs in the cell. In [5], the issue of PDCCH blocking was analyzed and it was observed that –
· Link budget analysis shows that, in most deployment scenarios, UEs will not require high PDCCH aggregation levels even with reduced Rx braches and reduced antenna efficiency.
· Based on our analysis, PDCCH blocking is not expected to be an issue because of RedCap UE. In addition, if necessary, existing methods can be used to significantly reduce PDCCH blocking.
In RAN1#106-e, the following options were considered for PDCCH blocking –
· Alt.1: No new solutions.
· Alt.2: Additional CORESET in separate initial DL BWP can be configured for Redcap UE to reduce PDCCH blocking rate during initial access. Note that some further optimization may be possible by introducing CORESET configuration and adaptation as a function of the DRX and onDuration (e.g. by progressively reducing the search space size in the onDuration to reduce overhead).
· Alt.3: Support link adaptation on PDCCH.
· Alt.4: Support RACH-based or CG-based SDT for RedCap UE in initial BWP.
· Alt.5: For initial access, dedicated search space for RedCap UEs could be defined to reduce PDCCH blocking in case of shared initial DL BWP.
· Alt.6: Multi-TB scheduling.
· Alt.7: Multi-UE activation of SPS or UL grant Type 2 configuration.
Based on the analysis presented in [5], we therefore note that PDCCH blocking is not expected to be an issue with the introduction of RedCap UE. In addition, existing solutions can be used to mitigate PDCCH blocking if needed and therefore no new solution is needed specifically for PDCCH blocking.
Note that in RAN1#106bis-e, it has been agreed as a working assumption that a separate initial DL BWP can be configured for RedCap UE. These means that a separate CORESET can be configured RedCap. Thus, any potential PDCCH blocking can be minimized.
Proposal 6: Existing solutions can be used to mitigate PDCCH blocking if needed and no new solution is needed to address PDCCH blocking. 
DCI optimization
DCI optimization was also considered in RAN1#105-e  and RAN1#106-e with the assertion that this may improve performance and reduce PDCCH blocking. Several techniques were proposed, namely –
· For non-fallback DCI format, remove the following fields –
· UL: Carrier indicator, UL/SUL indicator, Precoding information and number of layers, CBG transmission
· information (CBGTI), 2nd downlink assignment index, PTRS-DMRS association, SCell dormancy indication.
· DL: Carrier indicator, UL/SUL indicator, Modulation and coding scheme for TB1, New data indicator for TB1, Redundancy version for TB1, SCell dormancy indication, CBG transmission information (CBGTI), CBG flushing out information (CBGFI).
· Introduce new RRC parameters to indicate the RV sequence used for PDSCH/PUSCH transmission in compact DCI formats applicable to RedCap UE.
· Redcap UE always assume MCS/NDI/RV of TB2 is not presence to avoid the need of RRC signaling.
· Reduce MCS field by 1-2 bits for DCI format x_2 for RedCap UEs due to small TB size. This is similar as eMTC.
In our understanding, DCI fields that are not necessary for RedCap UE can already be reduced to 0 bit by configuration. Therefore, there is no need to further consider removing these fields as proposed above. With respect to the introduction of new RRC parameters to indicate the RV sequence used for PDSCH/PUSCH transmission in compact DCI formats applicable to RedCap UE, we do not think it is necessary to further optimize the compact DCI for RedCap, given that it is optionally supported.
We therefore propose that DCI optimization is not considered at least for reduced number of Rx branches and PDCCH blocking.
Maximum number of DL MIMO layers
The WI states that for a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported. In addiiton, for a RedCap UE with 1 Rx branch, 1 DL MIMO is supported. Thus, the number of supported DL MIMO layer is directly dependent on the number of Rx branches. During initial access and in idle mode, all downlink transmission uses a single layer, so there is no issue. In connected mode, UE capability is known and the gNB can handle each UE type appropriately. In addition, it has been agreed that the existing capability parameter maxNumberMIMO-LayersPDSCH will be used by the UE to report the maximum number of DL MIMO layers supported by the UE. Therefore, there is no RAN1 specification impact for RedCap UE supporting 1 or 2 downlink MIMO layer.
In RAN1#104-e, two potential optimizations were noted for further study – DCI fields/formats, and CSI measurement/reporting. In RAN1#105-e, it was agreed that modifications to CSI measurement and/or reporting mechanisms are not pursued in Rel-17. With respect to DCI field optimization, it has been proposed that the the size of the antenna port fields in DCI 1_1 can be reduced by at least 1 bit for UE with 1 Rx branch. This, however, is a small optimization and unlikely to improve PDCCH detection performance meaningfully. In addition, there could be a mixture of RedCap UEs with 1 or 2 Rx branches in the network and it would simplify implementation if the same DCI size is used. Therefore, it is proposed that there is no need to optimize DCI size for RedCap UE.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Maximum modulation order
Agreements related to default and optional MCS and CQI tables were reached in RAN1#105-e. In addition, de-coupling of capabilities for the optional tables were also agreed. One issue discussed in [3] was the optional support for 256-QAM in the uplink. In our view, there is no need to prohibit RedCap UE from optionally supporting 256-QAM in the uplink. Furthermore, if UE supports 256-QAM in the uplink, it should naturally support the 256-QAM MCS table for PUSCH. This issue can be revisited as part of the capability discussion.
Another issue mentioned in how UE will indicate support for 256-QAM in the downlink. Here, it should be straightforward to reuse existing capability parameters pdsch-256QAM-FR1 or pdsch-256QAM-FR2. There is no need to introduce new parameters.
In term of support of low-SE MCS table, it has also been proposed that such a feature should be coupled with support for PDSCH/PUSCH slot aggregation. In our views, there is no need to couple the two features together and they can be independently supported by the UE. This issue, however, can be revisited as part of the capability discussion.
Conclusions
In this contribution, we consider other remaining aspects of UE complexity reduction and make the following proposals –
Proposal 1: (Case 5) In case dynamically scheduled UL transmission overlaps with an SSB, dynamically scheduled UL transmission is prioritized over SSB.
Proposal 2: The set of symbols overlapping with DL reception can include the Ngap symbols before the valid RO.
Proposal 3: For PUSCH occasion of MsgA in 2-step RACH, reuse the same handling principle and leave to UE implementation whether to receive the DL or transmit MsgA.
Proposal 4: (Case 9) Confirm the working assumption that back-to-back non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
Proposal 5: (Case 9) In case of non-overlapping UL/DL without sufficient gap, leave the switching time handling to UE implementation.
Proposal 6: Existing solutions can be used to mitigate PDCCH blocking if needed and no new solution is needed to address PDCCH blocking. 
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